In this study, we present the results of a comprehensive, landscape-scale remote sensing project at Santa Elena on Parris Island, South Carolina. Substantial occupation at the site extends for over 4000 years and has resulted in a complex array of features dating to different time periods. In addition, there is a 40-year history of archaeological research at the site that includes a large-scale systematic shovel test survey, large block excavations, and scattered test units. Also, modern use of the site included significant alterations to the subsurface deposits. Our goals for this present work are threefold: (1) to explicitly present a logical approach to examine sites with long-term occupations; (2) to examine changes in land use at Santa Elena and its implications for human occupation of this persistent place; and (3) to use the remote sensing program and past archaeological research to make substantive suggestions regarding future research, conservation, and management of the site. Our research provides important insight into the distribution of cultural features at this National Historic Landmark. While the majority of archaeological research at the site has focused on the Spanish period, our work suggests a complex and vast array of archaeological features that can provide insight into over 4000 years of history in the region. At a gross level, we have identified possible Late Archaic structures, Woodland houses and features, Late Prehistoric and early Historic council houses, and a suite of features related to the Spanish occupation which builds on our previous research at the site. In addition to documenting possible cultural features at the site, our work illustrates the value of multiple remote sensing techniques used in conjunction with close-interval shovel test data.
Introduction
At the crux of every archaeological remote sensing project is the ability to differentiate significant signals from surrounding noise. The more complicated the noise, the more difficult it is to evaluate meaningful patterns within a given dataset. This is true whether one is looking at aerial or ground-based shallow geophysical surveys. In terms of archaeological research, the surrounding noise frequently comes in the form of modern intrusions and alterations to an archaeological site (e.g., water pipes, modern ditches). In other cases, archaeological features are diffused or have suffered greatly from taphonomic processes that render them invisible within their surrounding matrix to various methods of prospection. Still, in other cases, archaeologists deal with landscapes that have been occupied by various people for millennia which have yielded complex palimpsests of features and landscape modifications. Of these, the last situation presents perhaps the most challenging, but also potentially the most rewarding in terms of understanding long-term human use of specific landscapes, as well as the management of these resources.
In this study, we present the results of a comprehensive, landscape-scale remote sensing project at Santa Elena on Parris Island, South Carolina (Figure 1) . Substantial occupation at the site extends for over 4000 years and has resulted in a complex array of features dating to different time periods. In addition, there is a 40-year history of archaeological research at the site that includes a large-scale systematic shovel test survey, large block excavations, and scattered test units (Figure 2 ). In addition, modern use of the site included significant alterations to the subsurface deposits. Our goals for this present work are threefold: (1) to explicitly present a logical approach to examine sites with long-term occupations; (2) to examine changes in land use at Santa Elena and its implications for human occupation of this persistent place; and (3) to use the remote sensing program and past archaeological research to make substantive suggestions regarding future research, conservation, and management of the site.
Remote Sens. 2018, 10, x FOR PEER REVIEW 2 of 30 matrix to various methods of prospection. Still, in other cases, archaeologists deal with landscapes that have been occupied by various people for millennia which have yielded complex palimpsests of features and landscape modifications. Of these, the last situation presents perhaps the most challenging, but also potentially the most rewarding in terms of understanding long-term human use of specific landscapes, as well as the management of these resources.
In this study, we present the results of a comprehensive, landscape-scale remote sensing project at Santa Elena on Parris Island, South Carolina (Figure 1) . Substantial occupation at the site extends for over 4000 years and has resulted in a complex array of features dating to different time periods. In addition, there is a 40-year history of archaeological research at the site that includes a large-scale systematic shovel test survey, large block excavations, and scattered test units (Figure 2 ). In addition, modern use of the site included significant alterations to the subsurface deposits. Our goals for this present work are threefold: (1) to explicitly present a logical approach to examine sites with long-term occupations; (2) to examine changes in land use at Santa Elena and its implications for human occupation of this persistent place; and (3) to use the remote sensing program and past archaeological research to make substantive suggestions regarding future research, conservation, and management of the site. 
The Santa Elena Landscape
Santa Elena is located on the United States Marine Corps Recruit Depot on Parris Island but the name Santa Elena comes from the sixteenth century Spanish capital that existed from AD 1566 to 1587. This 21-year occupation is what thrust Santa Elena into the archaeological spotlight and has largely been the focus of research at the site for the last 40 years. That said, this portion of Parris Island also had a substantial Native American presence beginning around 4000 years ago with occupation up until the arrival of Europeans. In addition to the Native and Spanish occupations, there were also early French settlers in the 16th century, occupation again by Native Americans in the 17th century, an antebellum plantation, a Marine Corps base beginning in 1915, and finally the land served as a golf course beginning in 1947 before becoming a National Historic Landmark. Here, we present a brief summary of each of these periods as they relate to the current project (see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] for more in depth discussions of each of these occupations).
Native American Histories
The earliest substantial occupation of Santa Elena dates to around 4000 years ago during the Late Archaic and is identified by Stallings series pottery, referred to as the St. Simons period on the coast (cal. 2750-2860 BC-1360 BC). These fiber-tempered ceramics are associated with some of the first sedentary villages along the Georgia and South Carolina coasts. Shell ring sites, the most well-known site-type of this period, are found throughout the lower Atlantic coast (see [14] [15] [16] [17] ). These large arcuate and circular piles of shell represent some of the earliest villages in the United States [18] [19] [20] [21] . Along the Georgia Coast, these sites began to be abandoned around 3800 BP; however, populations continued to occupy the region as evidenced by occupations at non-shell ring-bearing sites [22, 23] . 
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The following Woodland period includes several sub-periods: Refuge (1360 BC-400 BC), Deptford (400 BC-AD 630), and Wilmington (AD 630-AD 1050-1100). During the early part of the time period (the Refuge period), there is a reduction in the number of sites along the northern Georgia Coast [22] . Following this, there seems to have been a population rebound with people occupying sites that were formerly occupied during the St. Simons period [22] . The number of sites continued to increase throughout the Woodland period and settlements became located closer to the coastal and marsh edge landforms [22] . Social organization throughout both the Late Archaic and Woodland period in general was egalitarian with little differentiation beyond what is considered typical for "tribally" organized societies, although Thomas [24] suggests that inherited statuses emerged towards the end of the Woodland period (ca. AD 800) for St. Catherines Island, Georgia.
The Mississippian period saw the emergence of regional polities and mound centers with public architecture, such as council houses [24] [25] [26] . This time frame includes three sub-periods: St. Catherines (AD 1000-1200), Savannah (AD 1200-1350), and Irene (AD 1350-1550). The Irene overlaps with European contact, eventually transitioning into the Altamaha period (1550-1700) (see [24, 27, 28] ). Here, we follow DePratter [29] in identifying the Irene-Altamaha occupations. It is during this late period that sites increase in both number and size [30] . Based mainly on work related to the northern Georgia coast, consumption of maize increases throughout this period and reaches its apex during the early Spanish contact period-the late Irene and Altamaha periods-likely due to Spanish colonial desire for maize surpluses [31, 32] .
Spanish Colonial Period
While there was intermittent European contact by the early sixteenth century across the Georgia and South Carolina coasts, it wasn't until 1562 when Jean Ribault of France established Charlesfort with a garrison of 27 men that the area became the focus for European colonization [7, 33] . This occupation would not last long and the men eventually mutinied with some of the men eventually making it back to France. Due in part to subsequent settlement attempts by France in the region, Spain set out to establish a foothold in the area (see [34, 35] ). In 1565, Pedro Menéndez de Avilés, the Adelantado of La Florida, arrived in the region and began by capturing and killing almost all the soldiers at the newly established French occupation of Fort Caroline, located somewhere along the banks of the modern St. Johns river in northeastern Florida [33, [36] [37] [38] . Following this, Menéndez went on to establish both St. Augustine (1565) and Santa Elena (1566).
The Spanish occupation of Santa Elena lasted 21 years, characterized by a continued sequence of forts, buildings, and occupational shifts before it was eventually abandoned in 1587. The first fort in this sequence was San Salvador, whose location remains unknown to archaeologists [33] . Fort San Felipe (I) was the next fort constructed in 1566, which was superimposed over the remains of the French Charlesfort [39] . It was during this early occupation that Santa Elena began to grow as a town and by 1569 it had over 200 settlers and more than 40 houses [33, 37] .
All was not well during this early occupation and by 1570-71, the settlement suffered considerably due to drought and epidemic diseases [33] . Fort San Felipe (I) burned in 1570 and the colonists constructed a new fort, San Felipe (II). At this time (July of 1571), Menéndez arrived with his family at Santa Elena. He would later depart for Spain in 1574 and perish on this trip [37] . Now under new leadership, first by an interim governor, Diego de Velasco, and then by a newly appointed Governor, Hernando de Miranda, the colony continued to be beset by hardships, most notably because of attacks by Native Americans due to their poor treatment by the interim governor [33, 37, 39] . The sacking of fort San Felipe (II) and the burning of the town by Native groups at this time resulted in a brief abandonment in 1576 [33, 37] .
One year after this abandonment, a new fort, San Marcos (I), was constructed with prefabricated materials boated in from St. Augustine [1, 12, 37, 40] . After several years, this fort was dismantled and a new one constructed (San Marcos II) facing the river to defend against the increasing threat posed by the British [37] . By 1587, the Spanish colonists decided to abandon Santa Elena and consolidate their holdings at St. Augustine in what is now extreme northeastern Florida [33, 37] .
Santa Elena's Post-Spanish Occupation
The period directly following the Spanish colonists' abandonment of Santa Elena is not well documented; however, there is one interesting early account from 1663 by William Hilton. During this visit, he observed two larger structures constructed by the native people of the area at what appears to be the former site of Santa Elena. He described lumber about the site and the ruins of an old fort, which he assumed to be that of Charlesfort [41] . The two native structures were substantial and he described one as having a 200-foot (ca. 61-m) circumference, with another large house, like a sentinel house constructed with spikes and nails [41] . Around these structures are smaller houses, likely the domiciles of the settlement's occupants. Exactly when these Native peoples abandoned the Santa Elena site is uncertain. However, by the 1700s, as with much of the South Carolina and Georgia Coast, the area had become depopulated due to Old World diseases, forced relocations, and the mounting pressure of slaving along the coast [17, 42] .
During the early 1700 and 1800s, Santa Elena became a working plantation growing both indigo and cotton, garnering the name Parris Island at this time [12] . Enslaved Africans worked the plantation, bringing with them their history and cultural practices [12] . Following the Civil War, the site became the location of a freedman community, totaling over 200 years of African American presence at the site [12] . As such, the plantation occupation, and the occupation persisting through the 18th and 19th centuries, is primarily characterized archaeologically by at least one extant structure (i.e., a tabby structure in a row of houses for the enslaved), materials (e.g., 18th and 19th century pottery), and burials.
Beginning at the turn of the 20th century, the U.S. government began to increase its holdings on Parris Island. However, it was not until just before the U.S. entered World War I that the military presence at Santa Elena expanded, ca. 1917. By 1918, the Marine Corps were training thousands of recruits at Parris Island and hundreds of buildings were constructed [43] . At the Santa Elena site itself, the Marines had rows of tents and other smaller structures with wooden footings. The use of the Santa Elena site ceased around 1947 upon the construction of a golf course. Use of the area continued as a golf course until its archaeological significance was recognized in 2001, when the site was granted the status of National Historic Landmark and the United State Marine Corps relocated portions of the golf course to protect features of the Santa Elena site.
The Santa Elena Landscape Project
In 2014, we (DePratter and Thompson) initiated the Santa Elena Landscape Project. The focus of this work was to conduct a large-scale remote sensing project to compliment the 40 plus years of excavation and traditional archaeological shovel test surveys at Santa Elena. The work began as a proof of concept as previous attempts at surveying the site had produced little to no useful results; however, based on DePratter's projections of where structures should be, we had some clear ideas of where to begin our survey (see [12, 33] ). Our initial day visit and testing of the viability of ground-penetrating radar proved useful and we returned with a suite of equipment (i.e., GPR, gradiometer, resistance meter). The specific goals of this follow up visit were to conduct a preliminary assessment to define some of Santa Elena's Spanish features. Two of our more interesting finds were the location of Fort San Marcos (I) and a possible structure associated with an area that was suspected by DePratter to have been occupied by Menéndez [1] . After the completion of our preliminary survey, it soon became clear that an evaluation of the entire site with a range of techniques would provide a robust dataset to evaluate long-term human use of the landscape.
During the summer of 2016, we returned to the site with the University of Georgia Archaeological Field School to complete a full coverage survey of Santa Elena. We largely accomplished this with both the gradiometer and the GPR as the resistance meter frame broke roughly midway through our survey. In total, we surveyed roughly 3.5 hectares (Figures 3 and 4) . In addition, we were also able to obtain Light Detection and Ranging (LiDAR) data for the entire site ( Figure 2 ). The result of this work is the largest, most intensive, remote sensing survey, to our knowledge, of a Spanish Colonial site in the United States. Compared to many other densely vegetated sites along the coast of the American Southeast, surveying the still-maintained golf course of the Santa Elena site was easy. However, given its long history of occupation, the dataset is extremely complex in terms of the number of potentially significant signals and the long-term nature of its occupational history. Luckily, previous archaeological research at the site included a close interval (30 ft. or 9.15 m) shovel test survey (see [33] (Figure 2 ). When combined with our remote sensing maps, these data provide a powerful tool for interpreting the geophysical data and for assigning temporal periods to potential archaeological features. While not a usual form of "ground truthing", shovel test data are, in some ways, superior to small test units for examining such features. What follows is a detailed account of this process, the results, and the broader methodological implications of this work.
Materials and Methods

Shovel Test Survey, Global Positioning Systems (GPS), and Geographic Information Systems (GIS)
In the spring of 1994, Chester DePratter and Stanley South set out to define the spatial extent of Santa Elena. To this end, they conducted a systematic shovel test survey at 30-foot (9.15 m) intervals over the entire site. This resulted in a total of 1383 shovel test pits (shovel test dimensions 0.9 × 1.8 ) (Figure 2 ) that were excavated in natural levels to the base of occupation and screened through 1 4 " mesh [33] . All materials recovered from the shovel test survey were analyzed and then categorized into major time periods. DePratter and South [33] present distribution maps of these data in their original report. The vast majority of the cultural deposits at Santa Elena lie within the first meter or less, usually the first 30 cm, below the surface, and therefore this precluded an in-depth evaluation or discussion of how changes in stratigraphy correspond to the geophysical data.
One of the practical problems that we encountered is that our shallow geophysical and LiDAR surveys are based on a metric grid system, whereas the shovel test survey was based on the English system of measurement. As an additional problem, the digital files with all the counts and weights of the artifacts were stored in file formats that were currently unusable on modern computers. To get all the datasets to where they could be overlaid with one another in ArcMap, we obtained UTM coordinates for the original site datum in the field with an RTK GPS (Real Time Kinematic GPS) using the NAD 83 datum. We used this to geo-reference the boundary survey map with all the locations of the shovel tests in order to obtain UTM coordinates for each shovel test pit. The artifact data was then hand-entered into an excel spreadsheet with the shovel test number and the new UTM coordinates. Using this data, we created new distribution maps based on a kriging statistical interpolation for each major occupation at the site.
For the ground-based geophysical survey, we established a 20-m interval grid over the entire site with the RTK GPS ( Figure 3 ). For those areas under tree cover, we used the RTK GPS to establish base points and then set in grid points using a total station. We used this grid for all three of the ground-based geophysical survey instruments.
The method described above allowed us to include all survey results, including LiDAR (see below) and previous archaeological excavations (including the shovel test data, as well as block excavations and trenches) in one ArcMap geodatabase that allowed for the evaluation of datasets in the context of each of the other datasets. In some cases, the shallow-geophysical survey allowed us to reposition some of the excavations and shovel test pits more accurately, as we will outline in our results.
LiDAR
In eastern North America, there is a boon in the amount of publicly available LiDAR and while such data was not created with archaeology in mind, researchers have been making full use of this resource [44] [45] [46] [47] [48] . LiDAR, briefly, uses an instrument that emits and receives a laser that records spatial information via a high precision global positioning system (see [46] ). The scanner sends out thousands of pulses that are measured in the time it takes to reflect back to the receiver. These measurements along with their spatial coordinates can then be used to compute distances to objects. This information then can be used to create maps of ground surface, vegetation, roads, and archaeological features (see [49, 50] ). We obtained the Santa Elena LiDAR data from the State Government of South Carolina. We processed the data using the ArcMap 10.5 LAS toolset by ESRI (Redlands, California, USA) ( Figure 2 ).
Resistance Survey
Kvamme [51] and Gater and Gaffney [52] provide in-depth discussions of resistance surveys in archaeology. Our expanded survey used the same setup as our previous surveys at Santa Elena [1] . We employed a Geoscan (West Yorkshire, UK) RM85 Advanced Resistance Meter (see [53] ). We configured the instrument to be used as a parallel twin probe array with a multiplexer, allowing for the collection of two readings per insertion on either side using three probes of the one-meter traverse transects (see [1] ). This setup results in the collection of samples along effectively 50-cm spaced transects. The probe separation for both sides was 50-cm, allowing for the recording of information approximately 50-cm below the surface. We processed all data using TerraSurveyor 3.0.336 by DW Consulting (Barneveld, The Netherlands) following Gater and Gaffney [52] . We then georeferenced all resistance maps in ArcMap for comparison with other data sets ( Figure 4 ).
Gradiometer Survey
Kvamme [51] and Gater and Gaffney [52] provide in-depth discussions for magnetic surveys in archaeology. Our work at Santa Elena used a Bartington (Oxon, UK) Grad-601 Fluxgate Gradiometer. Our survey methods did not deviate from our previous research at the site [1] . We collected data in 50 cm transects at eight samples per meter. Early in the planning for our large-scale survey we considered using one of the large cart arrays commonly employed in landscape surveys across the UK and increasingly in the Midwestern and Southeast United States [54] [55] [56] [57] [58] [59] [60] [61] [62] ; however, due to funding constraints and the fact we had enough labor and time, we ultimately decided against this method. We processed all data using TerraSurveyor, following Gater and Gaffney [52] . We then georeferenced all magnetic survey maps in GIS for assessment with other data sets ( Figure 4 ).
GPR
Conyers [63] [64] [65] [66] [67] provides an in-depth discussion for GPR surveys in archaeology. Our GPR survey used a Geophysical Survey Systems Inc. SIR 3000 (Nashua, New Hampshire, USA) ground penetrating radar system. Data were collected using a 400 MHz antenna. Collection of GPR data followed 50 cm spaced transect lines. As GPR is a bit more flexible, the size of our collection grids varied (i.e., we did not collect all data in 20 m × 20 m squares). Instead, we combined adjacent grids into larger survey areas to make collecting and processing the larger datasets easier and quicker. As we detail in other publications (e.g., [68, 69] ), we processed all data in GPR-SLICE (Woodland Hills, California, USA) and GPR viewer, presenting the data as either amplitude time slices or individual profile slices depending on the nature of the phenomena represented (see [1] ). Following Conyers' [66] suggestions, all GPR data was "processed, re-evaluated, [and] re-processed" to draw out specific culturally significant radar reflections. We then georeferenced all the amplitude time slice maps in GIS to stitch the independent survey areas together and to compare with the other data sets (Figure 4 ).
Results
We present our results of the larger survey by time period for ease of interpretation. Obviously, however, some of these features overlap and necessitate mention beyond their specific temporal section. In each section, we start with an overview of the artifact distribution and then focus on specific geophysical patterns of interest to that period. Given the size of the dataset, we cannot discuss each individual pattern or potential cultural feature. Instead, our purpose here is the focus on the most obvious and clear patterns in the data. As Conyers [67] notes, it is important to first consider remote sensing data at a smaller scale, discuss magnetic and GPR data, and then consider how such configurations manifest at the landscape level. One issue that should become clear to the reader is that the shovel test data provide an important independent line of evidence for the interpretation of the remote sensing data, a point we return to at the end of this paper.
Late Archaic-Early/Middle Woodland
Although there are isolated ceramics from both the Late Archaic and Early/Middle Woodland period across the entire site, the vast majority of the artifacts appear to be concentrated towards the northern end of Santa Elena (Figures 5 and 6 ). In the Late Archaic Stallings distribution ( Figure 5 ), there appear to be two circular concentrations that are just west of the shoreline (Figure 7 ). These circular patterns are between 50-60 m in diameter. We are fairly confident that these patterns are not just random chance, as we know that Late Archaic peoples in the region did typically organize themselves in space in this way. This is roughly the same diameter (ca. 69 m) of the average size of shell rings in the region [70] . In addition, it is not uncommon to find multiple shell rings directly adjacent to one another, and even sometimes overlapping. Finally, shell rings and other circular village layouts elsewhere are commonly defined by close interval shovel testing. While we are not sure if the occupation of Santa Elena dates to the terminal Late Archaic, it could be that this occupation represents a continuation of circular villages after the decline in shellfishing across the region (see [23] ). In addition to the two circular concentrations, Late Archaic peoples heavily used the shoreline area adjacent to them. The argument for a possible Stallings period circular village is bolstered by DePratter's excavation data. In unit 38BU162Y, located right on the edge of the more southerly circular pattern (Figure 7 ), DePratter likely excavated through what he believes to have been a Stallings period house floor. Given the density of Stallings and Woodland period artifacts recovered from shovel tests in this northern part of the site, combined with the paucity of later artifact types in this area (discussed below), it is probable that many of the anomalies apparent in the geophysical data date to these periods. At the very least, of all the geophysical anomalies identified at the site, the anomalies concentrated in the northern part of the site corresponding to the distribution of Late Archaic and Early/Middle Woodland artifacts have the highest probability of dating to these two periods.
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Late Woodland-Mississippian/Post-Spanish Native American Occupation
The Late-Woodland Early Mississippian distributions (i.e., Wilmington and St. Catherines ceramic types) appear to follow a similar pattern to the Middle Woodland distributions; however, the circular distributions of the artifacts are slightly less clear ( Figure 6 ). There still seems to be an area within the heart of the occupation that is clear of artifacts, which roughly corresponds to the same area of the preceding period. This space on the landscape may be a continuation of a plaza-type configuration, given the continued lack of artifacts and features in this area.
There appears to be a light Savannah phase occupation at Santa Elena. One of the core issues is that it is difficult to separate Savannah from the sand-tempered Colonowares of the Plantation period. The distribution of these wares appears to conform closely to other plantation period artifact distributions, suggesting that almost all of these may be Colonoware and not Savannah (see the Plantation period discussion below). The exception may be in the southwestern portion of the Colonoware distribution where there seems to be a roughly circular pattern approximately 60-m in diameter. The westernmost edge of this circular pattern is located just 30 m east of a known sinkhole, just across the modern-day road. Surrounding this sinkhole are a number of low earthen mounds that are currently thought to date to the Mississippian period. The relationships between these mounds, the sinkhole, and the possible circular Savannah settlement remain ambiguous and deserve the attention of future research.
In yet another dramatic turn in spatial organization, the Irene and Altamaha distribution of ceramics appears to cover the entire site, representing the most intensive and expansive native occupation at Santa Elena (Figure 8 ). The reason for this is twofold. The first is that, at this point, we cannot differentiate Irene and Altamaha ceramics, as this was not done in the original analysis of the ceramic sherds. Therefore, this time frame includes occupation prior to the European occupation of Santa Elena and a second post-Spanish Native American occupation of the locale, possibly lasting through to the 1700s. The second reason for this distribution is that the Irene phase for much of the Georgia and South Carolina coast represents a dramatic increase in site size and number, and large sites are common during this period. Also, they tend to be characterized by numerous household clusters with some sites having up to 600 individual middens associated with household groups [30, [71] [72] [73] [74] .
While the Irene/Altamaha distribution map seems to be saturated, a number of interesting patterns can be identified in the shovel test data, the most significant being a series of arcs representing higher concentrations of ceramic materials. Each of these arcs can be easily identified as red, pink, and white areas on the map where the concentrations of Irene/Altamaha materials are highest. The first is towards the northern quarter of the site and is roughly 60 m long. The second, moving south, is just to the west of fort San Felipe (I) and represents a semi-circular formation roughly 60 m wide. The last noticeable arc is located just south of San Marcos (I), forming a semi-circular pattern roughly 60 m in diameter. The uniformity of these patterns suggests multiple, either sequential or contemporaneous occupations at the site. However, it is safe to say, based on historic documents, that during the Spanish occupation, native villages were not located at the capital. As such, if any of these arcs represent native occupations, they were likely produced either before or after the Spanish occupation. Confounding the patterns within the Spanish colonial area is the fact that there is native pottery in Spanish features, likely the result of trade and tribute from these groups to the capital during its occupation. Therefore, these distributions represent the discard of native pottery by the Spanish.
It is interesting to point out that both the distribution of Spanish artifacts (discussed below) and the distribution of Irene/Altamaha materials leave a space of lower concentration just north and east of San Marcos (I). DePratter and South [33] argue that this area was the location of the plaza associated with the Spanish village, and this seems to be borne out by our interpretations (discussed below). The absence of Irene/Altamaha ceramics from this space suggests that it was not utilized in any intensive way before or after the Spanish contact. This could mean that this space served as a public venue before Spanish occupation and its use as a plaza may have continued after the Spanish colonists left. A higher-resolution temporal framework would allow us to address this issue in more detail. Finally, two of the most prominent features of the native occupation were identified in the gradiometer data, and to a lesser extent, the GPR, where the patterning is subtler. These two features, illustrated in Figure 9 , are two circular series of high magnetic anomalies with even higher signals located in the center of each circular pattern. It is possible that these two features represent the two structures mentioned by William Hilton when he visited the settlement [41] . The location of these two features corresponds well with the distribution of Irene/Altamaha ceramics and especially the northern concentration of these materials; however, due to the long time span during which these ceramics were used, the patterns are only generally correlated. DePratter excavated the 38BU162Y block (shown in Figure 7 ) while searching for this council house. These anomalies are also in the exact region of the site described by Hilton. Finally, one of the patterns that we would expect for such structures given historic descriptions and archaeological excavations would be lower, smaller, signals surrounding a large, central, highly magnetic signal. This signal would represent the Finally, two of the most prominent features of the native occupation were identified in the gradiometer data, and to a lesser extent, the GPR, where the patterning is subtler. These two features, illustrated in Figure 9 , are two circular series of high magnetic anomalies with even higher signals located in the center of each circular pattern. It is possible that these two features represent the two structures mentioned by William Hilton when he visited the settlement [41] . The location of these two features corresponds well with the distribution of Irene/Altamaha ceramics and especially the northern concentration of these materials; however, due to the long time span during which these ceramics were used, the patterns are only generally correlated. DePratter excavated the 38BU162Y block (shown in Figure 7 ) while searching for this council house. These anomalies are also in the exact region of the site described by Hilton. Finally, one of the patterns that we would expect for such structures given historic descriptions and archaeological excavations would be lower, smaller, signals surrounding a large, central, highly magnetic signal. This signal would represent the central hearth that was usually in the center of these buildings. This is the exact pattern that we observe here; however, future work will need to verify if this interpretation is correct.
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Spanish Colonial
There are several identifiable patterns in the shovel test data related to the Spanish occupation of Santa Elena. First, when we look at the total Spanish produced artifacts (i.e., all ceramics, architectural materials, etc.), the occupation appears to be concentrated on the eastern side of the landform and it appears that the Spanish did not heavily utilize the northern most areas of the site (Figure 10 ). Also in concert with the patterns identified for the Irene/Altamaha ceramics is the absence of Spanish artifacts from the potential plaza space. In addition to the absence of artifacts from this plaza space is the much lower concentration of anomalies identified in the magnetic gradiometry data (Figure 11 ).
When we break down the distribution of Spanish artifacts into ceramic and non-ceramic/architectural materials (which include both magnetic and non-magnetic artifacts, e.g., glass, lead shot, nails, daub, barrel parts, among others), more interesting patterns begin to emerge. In reviewing the distribution of non-ceramic artifacts (Figure 12) , some of the highest concentrations of these materials are found just outside and around the known Spanish forts. The same pattern is borne out in the distribution of daub across the site (Figure 13 ). Beyond these distributions, we were 
When we break down the distribution of Spanish artifacts into ceramic and non-ceramic/architectural materials (which include both magnetic and non-magnetic artifacts, e.g., glass, lead shot, nails, daub, barrel parts, among others), more interesting patterns begin to emerge. In reviewing the distribution of non-ceramic artifacts (Figure 12) , some of the highest concentrations of these materials are found just outside and around the known Spanish forts. The same pattern is borne out in the distribution of daub across the site (Figure 13 ). Beyond these distributions, we were also able to evaluate the actual architectural features associated with the prefabricated fort, San Marcos (I) (Figure 14) . Our magnetic gradiometry and GPR results match surprisingly well with ethnohistoric documents outlining the form and structure of San Marcos (I) (Figure 15 ). The distances between the fort and other structures are idealized in the drawing which is why they are not represented in the data. We recognize that historic drawings are rarely isomorphic with geophysical data; however, the superposition of the outline of the fort onto the data provides a quick way to evaluate where the data correspond and diverge from what the fort might have looked like at one time. In addition, we do know that modifications were made over the time the fort was used, and that in the end, the Spaniards dismantled portions of it, so we do not expect the geophysical data to be an exact representation of this structure as it appears in the drawing. In evaluating the spatial relationships between the locations of known Spanish forts and the distributions of Spanish ceramics, it is clear that the highest concentrations of Spanish ceramics are normally found just inside and abutting the walls of the Spanish forts, as well as in areas hypothesized to have been house lots (discussed below). Given the distributions of Spanish earthenware and olive jars (Figure 16 ) and the distributions of finer wares such as Majolica and micaceous red wares (Figure 17) , we can begin to build an argument for the location of San Felipe (II). Each of these artifact classes show an area of higher concentration just north of San Marcos (II) but not associated with any known fort locations. When reviewing the LiDAR and GPR data for this area, there appears to be a curved anomaly that may represent the remains of San Felipe (II) (Figure 18 ), likely the remains of a ditch feature like that characterizing the structure of San Felipe (I) to the north. If we accept this proposed location for San Felipe (II), the relational pattern between known Spanish forts and the distribution of Spanish artifacts is once again replicated (Figure 19) . We, however, remain cautious in identifying this as the fort, as it is possible that this feature could simply represent a former creek meander scar. It is also possible that this represents a USMC feature, as excavations in the area recovered fill related to this occupation. Future work should focus on exploring this feature more fully.
The last Spanish feature at the site that warrants discussion is the area located just south of San Marcos (I). This area likely served as the location for a number of Spanish house lots, most notably the house lot of Pedro Menéndez de Avilés. We believe that this was possibly his house lot due to the fact that DePratter recovered [33] a large number of high status pottery isolated south of the postulated plaza location and in close proximity to the landing. Figure 20 illustrates the clear pattern of Spanish artifacts and geophysical anomalies in relation to the probable location of Pedro Menéndez de Avilés's house. On closer inspection, anomalies identified in all three geophysical datasets correspond to one another and likely represent the remains of a structure ( Figure 21 ). As a final layer of data, Figure 22 illustrates the locations of the high status ceramic wares found at the site, whose consumption and use would have been highly restricted. These include Italian Blue wares, Mexican or Aztec red wares, and Ming dynasty Chinese pottery. Each of these materials was found in shovel tests around the area identified as the potential location of Pedro Menéndez de Avilés's home. 
The Antebellum and Postbellum Periods
The distributions of both plantation period ceramics and architectural materials conform generally to the same pattern (Figures 23 and 24 ) (see [75] ). Plantation period activities are generally concentrated near the center of the site, and generally follow a SW-NE pattern. These concentrations likely correspond to main domestic areas of the site, with agricultural fields surrounding them. The main plantation house was likely located just to the west of where San Felipe (I) once stood and is indicated by a high-density circular pattern in the distribution of plantation era architectural materials recovered from shovel tests. The distribution of Colonware corresponds to the other artifact categories and this distribution appears to be linearly organized along a slight NE-SW axis across the central portion, likely representing rows of dwellings for enslaved peoples. Another significant area of plantation era activity seems to have been located northwest of the main house. This area has a moderate amount of architectural materials, but is most characterized by the dense 
The distributions of both plantation period ceramics and architectural materials conform generally to the same pattern (Figures 23 and 24 ) (see [75] ). Plantation period activities are generally concentrated near the center of the site, and generally follow a SW-NE pattern. These concentrations likely correspond to main domestic areas of the site, with agricultural fields surrounding them. The main plantation house was likely located just to the west of where San Felipe (I) once stood and is indicated by a high-density circular pattern in the distribution of plantation era architectural materials recovered from shovel tests. The distribution of Colonware corresponds to the other artifact categories and this distribution appears to be linearly organized along a slight NE-SW axis across the central portion, likely representing rows of dwellings for enslaved peoples. Another significant area of plantation era activity seems to have been located northwest of the main house. This area has a moderate amount of architectural materials, but is most characterized by the dense concentration of plantation era ceramics. The general spatial orientation and extent of the plantation era occupation generally corresponds directly with the Savannah period occupation. As such, it would likely be difficult to parse out geophysical anomalies corresponding to each period from this shovel test data alone.
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Discussion
Four Millennia of Occupation at Santa Elena
While the site of Santa Elena was occupied for over four millennia, our analyses have revealed significant variability in the use of space and the landscape throughout this four thousand year occupation. Beginning with the Late Archaic and Early Woodland periods, the occupation of the site appears to be limited to the northernmost portions directly abutting the shoreline. As discussed above, this is consistent with settlement and occupation patterns identified elsewhere along the coast during this time period. Moving into the Middle and Late Woodland periods, we see the breakdown of two well defined circular settlement patterns towards a more diffuse, less integrated pattern of occupation. While this temporal threshold does represent a shift in the organization of settlement, occupants continued to use the northern portion and shorelines of the site most intensively. By the Savannah period, the site seems to have been almost completely abandoned, as the main Savannah period settlement is small compared to all other time periods. This represents a significant break in the occupational histories of the site and likely represents an intentional shift in settlement organization or the abandonment and eventual reoccupation of the site.
The Irene and Altamaha periods saw intensive occupations across the entire spatial extent of the site. Given our inability to separate the earlier Irene ceramics from the later Altamaha ceramics it remains difficult to elucidate in detail the settlement organization and history for this time period. In addition, the Spanish colonists consumed Irene and Altamaha ceramics and discarded them in features, further compounding our inability to disentangle the use of space at Santa Elena. The other areas of major Irene/Altamaha concentrations, separate from the Spanish artifact distributions, were likely occupied either before or after the Spanish occupation. In addition, we have revealed, through geophysical data, the probable location of the remains of two native council houses that date to the mid-17th century.
The Spanish occupation at Santa Elena was mostly restricted to the southern three-fourths of the site. There are clear relationships between the distribution of Spanish artifacts, the location of Spanish forts, and the patterning of anomalies identified in the geophysical data. Using these three lines of evidence, we have made an argument for the location of San Felipe (II), just north of San Marcos (II), although again this could be a former creek channel. This locality fits the general layout of the site with respect to the distribution of artifacts, locations of the other forts, and the location of the Spanish plaza area which is known from the paucity of artifacts and the lower concentration of geophysical anomalies in the area north of San Marcos (I). We have also presented data that support the general location of Pedro Menéndez de Avilés's house lot at the site, located just south of San Marcos (I).
Given the complex occupational history manifest in the archaeological record of the Santa Elena site, the use of traditional "ground truthing" would have had difficulty in yielding the interpretations we present. It is only through the full-coverage, multi-method geophysical survey reported here, contextualized and evaluated in the context of a close-interval shovel test survey, that we are able to begin to unravel the deep historical palimpsests of occupation and activity at Santa Elena.
Implications for Research Methods
As we note at the outset of this paper, interpreting remote sensing datasets over large sites with substantial histories of occupation is often quite difficult. The continued occupation and the making and remaking of deposits, features, and landscapes create various types of archaeological palimpsests (see [76] ), all of which impede the clarity by which cultural features and human modification of the land can be identified in both ground-based and aerial surveys. To solve this problem for the Santa Elena research, we did what any good researcher would do and looked to the previous work at the site-in particular the shovel test survey. Through this process, we discovered the efficacy of a close interval (<10 m) shovel test data as a complimentary dataset to large-scale remote sensing surveys. Surprisingly there has been no formal evaluation of how these two different types of archaeological data articulate with one another. Johnson and Haley (2006) provide a nice overview of the cost-effectiveness of the two methods, suggesting that cultural resource management (CRM) costs can be offset with the use of remote sensing. In addition, there are many examples from eastern North America where researchers have combined these two datasets; however, these are largely from research reports and CRM archaeology (e.g., [77] [78] [79] [80] ). The explicit articulation of these two kinds of datasets and how they work together from a research standpoint, on the other hand, has not been adequately addressed to our knowledge outside of CRM, with only minimal formal comparisons (see [81, 82] for exceptions). Additionally, in cases where these two types of data have been combined, they are largely focused on a specific component, or single-component sites, and not on large, continuously occupied sites with complex settlement histories.
So why are formal comparisons of remote sensing and close-interval shovel test data so rare in the archaeological literature? Using them together makes intuitive sense, as illustrated by the few cases we found that do employ both methodologies. We feel it is productive to pause and consider just why it is that these two datasets are particularly complementary, especially for long-term site occupations. In addition, it is also useful to consider how close-interval shovel test data is different from more traditional types of "ground truthing" in the context of interpreting remote sensing data. In general, we learned five important lessons that, while in hindsight are quite obvious, deserve stating directly:
Remote sensing data and close-interval shovel testing surveys provide complimentary, but independent, datasets by which the changing nature of space and architecture can be evaluated in high-resolution.
2.
Even when cultural features (e.g., houses, walls) are clearly discernible in remote sensing data, shovel test data provide information on the distribution of geophysically invisible activity areas that can then be connected to more formal features.
3.
Shovel testing on a close (<10 m), fixed interval grid provides a different kind of "ground truthing" than what is traditionally employed. Instead of placing units directly over a given "anomaly," shovel testing can provide a much more complete context for the interpretation of the relationships between anomalies and identifiable culture features, including spaces that contain no signatures in the remote sensing data. Thus, while traditional ground truthing only tests identifiable patterns and signals in the data, fixed interval shovel testing provides information on how these signals articulate with one another given the distribution of activities across the site, including areas that may be avoided or kept clean of refuse and other features.
4.
Given that the usual employment of ground-based instruments provides mostly two-dimensional datasets, shovel testing, especially ones that are excavated in levels, provide information on the distribution of artifacts and features at varying depths. For sites with long-term histories this is especially important as it allows researchers to tease apart which patterns in geophysical data are associated with specific components.
5.
Although researchers often use GPR on a much smaller scale than other methods, we found that a large-scale GPR survey and close-interval shovel tests, excavated in levels, provide perhaps one of the best ways to evaluate space and architecture at multi-component sites. The reason for this is that both datasets provide information not only on the horizontal distribution of features and artifacts, but also their vertical position vis-à-vis one another. Admittedly, a large-scale GPR survey and shovel testing at close intervals over an entire site, especially a large one, are perhaps some of the more labor-intensive methods of archaeological survey. Nevertheless, our estimate is that, in many cases, this is well worth the cost in time and funds.
Management Implications and Recommendations
As we write this paper, one of the largest Atlantic hurricanes (Irma) in recorded history just hit Florida and has battered parts of Georgia and South Carolina with tropical storm force winds and storm surges. Hurricane Matthew recently impacted Santa Elena in 2016, promoting the temporary closure of the Charlesfort Santa Elena National Historic Landmark (http://www.mcrdpi.marines.mil/News/Press-Release-View/Article/992791/charlesfortsanta-elena-national-historic-landmark-temporarily-closed/).
Climate scientists predict that the frequency of such storms is likely to increase due to anthropogenic impacts on global climate (IPCC 2014). These storms contribute to the continued erosion of the site's cultural resources-including some of its more significant structures. Thus, in the coming years, Santa Elena will see more and more damage from such events.
Sea level rise will also impact and exacerbate the vulnerability of the site to large-scale storms. Some current projections by the IPCC conservatively suggest a 1 m rise in sea level by the year 2100 [83] . The current elevation of the Charlesfort/Santa Elena National Historic Landmark is at its highest point only about 3-m above mean sea level, meaning that even with the conservative estimates put forth, global sea level rise and its local impacts will affect this area with increased flood events from higher than normal amplitude tides. Furthermore, these effects are not simply hypothetical or future projections; the cultural resources of the site are already being impacted yearly.
Based on historical documents, previous archaeological research by DePratter and South, and our LiDAR imaging of the forts, approximately 60% of Fort San Marcos (II) has eroded away, while 50% of Fort San Felipe (I) has been lost. Additionally, if we are correct regarding the location of Fort San Felipe (II), roughly 99% of this fort is now gone (Figure 19 ). These are among the earliest Spanish forts in the United States. Once these structures are gone, then the opportunity to learn from them is gone as well. Based on these observations, we estimate that these structures, along with other near shoreline cultural resources, will be lost in the near future (i.e., by the end of this century, but likely earlier).
Given these predictions, we suggest that a concerted effort be made to conduct large-scale recovery excavations along the shoreline edge of the site. The shovel test results and our new remote sensing maps provide information on where dense concentrations of features and artifacts are found in this area of the site. We identify the now eroding Fort San Marcos (II) and San Felipe (I), along with Charlesfort which is under San Felipe (I) (see [84] ), as high-priority areas and suggest the need to conduct excavation of these structures to armor against further erosion. In addition, the possible location of San Felipe (II) should be immediately evaluated as it appears that the vast majority of this structure is eroded and will be gone in a relatively short amount of time. Finally, while the shovel test survey provided a robust dataset to evaluate the remote sensing data, we are still left with many questions due to the enormity of the remote sensing data and the number of potentially significant features in these data. As such, we suggest minimally invasive coring of GPR, magnetic, and resistance features identified in the survey. This, along with the shovel test data, will aid in the identification of these features and the cultural component to which they belong (e.g., Spanish wells). Coring is a fast, inexpensive, and relatively non-invasive technique [85] . We recommend that these be done as soon as possible as these data will also inform future management strategies of the site's cultural resources.
Conclusions
Our recent research at Charlesfort/Santa Elena provides important insight into the distribution of cultural features at this National Historic Landmark. While the majority of archaeological research at the site has focused on the Spanish period, our work suggests a complex and vast array of archaeological features that can provide insight into over 4000 years of history in the region. At a gross level, we have identified possible Late Archaic structures, Woodland houses and features, Late Prehistoric and early Historic council houses, and a suite of features related to the Spanish occupation, which builds on our previous research at the site.
In addition to documenting possible cultural features at the site, our work illustrates the value of multiple remote sensing techniques used in conjunction with close-interval shovel test data. While researchers have used both types of datasets together implicitly, this work represents the first formal evaluation on the utility of their use in conjunction with sites occupied over long spans of time.
Our summary evaluation is that even though such work is time consuming, it provides some of the best data to evaluate complex geophysical data. Finally, we also argue that in addition to research, these two datasets provide important guidance regarding the management of sites and cultural resources that fall short with targeted archaeological excavation, or with either of these as stand-alone datasets. Therefore, we suggest that, from a research and management perspective, archaeologists should use both of these methods to properly assess both localized areas of importance and the larger landscape in which they are situated.
